Some aspects of a generalized Wagner model. by Malleron, Nicolas et al.
Some aspects of a generalized Wagner model.
Nicolas Malleron, Yves-Marie Scolan, A. A. Korobkin
To cite this version:
Nicolas Malleron, Yves-Marie Scolan, A. A. Korobkin. Some aspects of a generalized Wagner
model.. 22nd International Workshop on Water Waves and Floating Bodies, Apr 2007, Plitvice,
Croatia. 22, 4pp, 2007. <hal-00458056>
HAL Id: hal-00458056
https://hal.archives-ouvertes.fr/hal-00458056
Submitted on 19 Feb 2010
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
22nd IWWWFB, Plitvice, Croatia 2007

22nd IWWWFB, Plitvice, Croatia 2007
Some aspects of a generalized Wagner model.
Malleron N.∗, Scolan Y.-M.∗, Korobkin A.A. ∗∗
∗ Ecole Centrale Marseille, 13451 Marseille cedex 20, France, ymscolan@ecmarseille.fr
∗∗ Lavrentyev Institute of Hydrodynamics, Novosibirsk 630090, Russia
1. Introduction
Since the pionneering works by Wagner [1] hydrodynamic models for impact of bodies onto a ﬂat free surface
have been continuously developed. First Wagner proposed a model based on the ﬂat disk approximation un-
der the assumption that the deadrise angle is small; in the range [4 : 20] degrees. However, there are many
situations where the linearization of the boundary condition on the wetted surface is not valid any longer.
First attempts proposed by Zhao and Faltinsen [11],[10] or Battistin and Iafrati [1] (among others) solved
the boundary value problem through a boundary integral equation method, keeping all the non linearities,
including the free surface ones. Their models require signiﬁcant computational resources. For a standard
use in industry more friendly models can be developed. As an intermediate step, Mei et al [6] proposed
a generalized Wagner model, formulating the boundary value problem (BVP) in potential theory, with no
gravity and no surface tension. The impermeability condition is prescribed on the exact wetted surface. The
originality of this technique comes from the fact that the dynamic free surface boundary condition reduces
to a homogeneous Dirichlet condition for the potential on a horizontal line emanating from the contact
points. Flow in the jet is not accounted for in this approach. On the basis of their works we consider here
the impact of an asymmetric body. To this end, conformal mapping are implemented. The computational
domain is bounded by the lower half space and the physical body contour is turned into a ﬂat plate. We
formulate a BVP in this domain. A method of resolution of this BVP is developed in the sequel and the
mass conservation law is studied. The wetting corrections are computed following Mei’s technique [6]. We
give some applications concerning the symmetric wedge, for which analytical solution is available. Histories
of wetting correction and slamming loads are computed for more general shapes as a bow ship form. We
ﬁnally draw method of solution for more complicated shapes and for the fully hydroelastic coupling as well.
2. Transformation of the computational domain
The ﬁgure below shows the physical conﬁguration. Conformal mappings are used to transform the ﬂuid
domain. The right ﬁgure sums up the successive mappings : Karmann-Treﬀtz (KT), Joukowsky (J),
Theodorsen-Garrick (TG) and ﬂate plate (FP). For sake of brievety, this part is not developed here.
x2 x1
x
y
H 
(x )1η
η(x )2
ζ 1
ζ2
T w
3ζ
z
KT
SC
TG
FP
J
3. Boundary Value Problem (BVP)
The conformal mapping leads to a BVP posed in the lower half space. It is described with the complex
coordinate w = u+ iv. It is bounded by the free surface |u| > 1 and a ﬂat plate of unit half length |u| < 1.
We introduce the complex potential F which can be formulated by using the theoretical works by Gahkov
[2] (see Art. 42.3 pp 426–427, 1990).
F (w) = φ+ iψ = − 1π
�
1− w2
� 1
−1
ψ(τ)dτ√
1− τ2(τ − w)
,
� 1
−1
ψ(τ)dτ√
1− τ2
= 0. (1)
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The last condition stipulates that the analytic function F is bounded at w = ±1. The Neumann boundary
condition on the body (φ,n = �U�n) is then transformed yielding a Dirichlet condition for the streamfunction
ψ which is introduced in the integrand of (1). It is worth using the intermediate complex plane T = reiθ
where the body contour is a unit half circle |T | = 1. Then the horizontal coordinate along the physical body
contour can be parametrized with the azimuthal coordinate θ and it is expressed as a Fourier series
x(θ) =
∞
�
n=0
An cos(nθ). (2)
The vertical velocity on the free surface is obtained by diﬀerentiating (1) and it reads
φ,y =
U
J(u)
∞
�
n=1
AnLn(u), (3)
where J is the Jacobian of the total transformation expressed on the free surface (it is real) and Ln(u) are
a set of real functions which can be calculated recursively and analytically.
From this result, we can examine the mass conservation law. We evaluate the ﬂuid volume above and under
the undisturbed mean water level. The following identity must thus be checked
H(x1 − x2)−
� x1
x2
f(x)dx =
� x2
−∞
η(x, t)dx+
� ∞
x1
η(x, t)dx. (4)
This identity is time diﬀerentiated yielding
U(x1 − x2) =
� x2
−∞
η,t(x, t)dx+
� ∞
x1
η,t(x, t)dx. (5)
Substituting η,t with φ,y as given in equation (3), identity (5) is eﬀectively checked.
4. Method of solution
To calculate the wetting corrections two equations must be solved. They follow from the time integration
of the kinematic free surface condition written at the contact points (x1, x2).
f(xj)−H(t) =
� t
0
φ,y(xj(t), η(xj(τ), τ), τ)dτ j = 1..2. (6)
φ,y is given by (3) and it only depends on (xj(t), x1(τ), x2(τ)). H(t) is introduced in the integrand of (6)
and a new function W is deﬁned as
U(τ) + φ,y(xj(t), yj(τ), τ) = U(τ)W (xj(t), x1(τ), x2(τ)). (7)
Hence, the change of variable ℓ = xj(τ) for τ ≤ t, in (6) yields
f(x1(t)) =
� x1(t)
0
U(ℓ)W (x1(t), ℓ, x2(ℓ))
dτ
dℓ dℓ. (8)
Following Mei’s method, U(ℓ)dτdℓ is decomposed on a basis of Chebyshev’s polynomials such as :
U(ℓ)dτdℓ =
N
�
j=0
a(1)j Tj(ℓ) =
N
�
j=0
b(1)j ℓj, (9)
where Tj(ℓ) is the jth Chebyshev polynomial of the ﬁrst kind with a proper scaling. Knowing the coeﬃcients
a(1)j or b
(1)
j , integration of (9) over [0 : x1(t)] provides the ﬁnal value of x1(t). The ﬁrst equation (8) is turned
into
f(x1(t)) =
N
�
j=0
a(1)j
� x1(t)
0
W (x1(t), ℓ, x2(ℓ))Tj(ℓ)dℓ. (10)
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Equation (10) is solved by collocation. The variable x1(t) is set to discrete values over the interval [0 : X1],
say X(k)1 the kth zeroes of the Chebyshev polynomial TN+1.
The new set of equations for x1, x2 is highly nonlinear and we consider solving them with a ﬁxed point
algorithm provided that the functions which link x2 to x1 have ”good” mathematical properties. To start
the iterative process we need a ﬁrst guess of x2(ℓ) or x1(ℓ). To this end we use the solution of the linearized
Wagner model (see Scolan et al [7]). We know that the two Wagner conditions give
� x1
x2
f(x)
�
x1 − x
x− x2
dx =
� x1
x2
f(x)
�
x− x2
x1 − x
dx. (11)
Then we have a way to calculate x2 for a given set of x1 over the interval [0 : X1]. The same is possible
for x2 ∈ [0 : X2]. Equation (10) and its analog for x2 are then solved yielding the coeﬁcients a(1)j and a
(2)
j .
Hence we have information enough to recompute the new function x2(ℓ) or x1(ℓ). The process is pursued
until convergence. When the coeﬃcients a(1)j and a
(2)
j do not change any longer (for a given accuracy), the
ﬁnal wetting corrections are computed.
5. Applications
The asymmetric case has not been yet implemented. We give here preliminary results for symmetric bodies:
wedge and bow ship form. In the former case, we can derive analytically the equation of the mass conservation
law as well. For the latter case, we illustrate the method by comparing our results with the Modiﬁed
Logvinovich Model (MLM) method (see [3] and [4]).
Symmetric wedge at constant velocity
In this particular case, time derivative of the free surface elevation could be analytically evaluated by using
the Schwarz Christoﬀel (SC) transformation
x tan(α)
γ U t =
1
A
� p(x,t)
0
�
w2
w2 + 1
�β
dw + 1, (12)
where p(x, t) is the image by SC of a point x on the free surface at time t, α is the deadrise angle and
β = 12 − απ , A is a constant of normalization, used to set the vertical velocity of the ﬂow to U at inﬁnity and
γ is deﬁned as
γ − 1 = H(t) η(X(t), t). (13)
Noting that x1 = x2 = X(t), condition (5) reduces to
X(t)− 1U
� ∞
X(t)
(η,t(x, t)− U) dx = 0. (14)
The free surface elevation η is analytically known as :
η(x, t) = x tan(α)UtAγ
� ∞
p(x,t)
�
� u
0
�
w2
1 + w2
�β
dw +A
�−2
du− 1. (15)
Its time derivative is :
η,t(x, t) = U
�
p(x, t)2 + 1
p(x, t)2
�β
(16)
Introducing (16) into (14) we show after some algebra that the mass conservation law is veriﬁed in eﬀect
for each value of α. Note that for a disymmetric wedge, an analytical solution also exists. In that case the
integrand in the SC transformation (12) has the form : wα1+α2(w+1)α1 (w−1)α2 , where α1 and α2 are the deadrise
angles on both sides. The same conclusions can be drawn regarding the mass conservation.
Bow ship section
The method developed above is used to study the bow ship form deﬁned by Korobkin and Malenica in
[4]. Figure below shows the time variation of the wetting correction. MLM results are compared to the
0
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present Generalized Wagner (GW) approach. Right ﬁgure shows the history of the force F acting on the
entering body. It is made non dimensional with ρ the density of the ﬂuid, R the half size of the section in
the horizontal direction and U2. The force is computed from numerical integration of the pressure. The
pressure follows from Bernoulli’s equation and contains all terms. In the present approach, we determine
the point at which the pressure vanishes then bounding the support of integration. The largest error occurs
when the deadrise angle is maximum. More insight into this behaviour is necessary.
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6. Conclusion
The present approach draws new tracks to other problems. The ﬁrst one is the treatment of the axisymmetric
case. In fact it follows from the two-dimensional case straightfowardly. As conformal mappings cannot be
used any longer, the ﬂow is computed through an integral equation. Due to axisymmetry of the problem,
this integral equation can be signiﬁcantly simpliﬁed. The same method of solution as Mei’s technique can
be used. The second problem concerns more arbitrary three-dimensional shapes for which a Shorygin-like
[8] method can be used. Quasi axisymmetric case is treated and the obtained results are compared to the
theoretical ones elaborated by Korobkin and Scolan [5]. Finally, as a third step, the present approach is
indicated either for two-dimensional or axisymmetric shapes to deal with a strong hydro-elastic coupling
when large deformations of bodies are expected as for inﬂated ﬂoaters impacting water.
More details will be given in the conference concerning conformal mapping, practical use of the present
method and more results as well.
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